Introduction
The term nondermatomal somatosensory deficit (NDSD) was coined by our group [1 ] in 2001 to signify widespread partial or total loss of sensation not conforming to the territories of peripheral nerves or dermatomes, often in a quadratomol or hemisensory distribution. Such sensory deficits have long been associated with 'hysteria' [2] . Charcot viewed hysterical anesthesia and paralysis as clinical expressions of 'dynamic' physiological aberrations of neurological function [3] . Increasing evidence indicates that these are prevalent phenomena in at least some samples of chronic pain patients. Moriwaki and Yuge [4] noted that tactile hyperesthesia had attracted much attention from clinicians and researchers, but tactile hypoesthesia had been relatively neglected despite the latter appearing to be more common. The available studies indicate that NDSDs are present in 25-50% of chronic pain patients [1 ,4-12] .
Assessment and clinical presentation
NDSDs may be assessed with simple tools quickly administered in the office or at the bedside, or with more complex and sophisticated methods including quantitative sensory testing (QST). Treede and Baron [13] suggested that sensory testing with simple bedside tools is the most important part of the physical examination and provided a good discussion of the differences between the results of such bedside clinical testing and QST.
Mailis et al.
[1 ] described the clinical findings, temporal and spatial characteristics, and symptoms associated with NDSDs. Most NDSDs develop gradually after some kind of physical event/injury, together with spreading and worsening pain. Rather rarely, however, they may develop abruptly at the time of inciting event. The inciting physical injury is usually minor, but often associated with some intense emotional trauma [for example
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leading to post-traumatic stress disorder (PTSD)] or extremely high levels of pain disproportionate to the injury. Occasionally, there may be no discernible physical event and the pain develops gradually and spontaneously. At times, NDSD can coexist with structural neuropathic or musculoskeletal pathology, but treatment of the underlying condition does not necessarily improve the NDSD or the perceived pain. On rare occasions, the appearance of the NDSD may 'cover up' or even eliminate the original pain. Many patients with NDSDs seem to report diffuse 'burning' or 'deep aching', and 'heavy' pain.
The sensory abnormalities are almost always manifested as deficits to pinprick and very often to light touch and cold perception. Pinprick abnormalities vary from mild impairment to complete anesthesia. NDSD patients may additionally present with a classic 'forehead vibration split' (where vibration is reduced or absent from the NDSD side of the forehead and normal in the contralateral forehead). Despite the widespread sensory reduction/loss, NDSD patients are either intolerant to gentle palpation of the NDSD areas, or, to the contrary, profoundly insensitive to firm pressure on the NDSD limb (better demonstrated by algometry). NDSD patients may drop things or sustain falls complaining they 'don't feel the floor', or they 'walk on feathers'. Of note, although many patients report numbness, others are only partially aware or even unaware of NDSDs and react with anxiety to the realization that they 'feel less' in the affected side of the body during the clinical examination. At times, patients find loss of sensation more distressing than the pain itself.
The size of the NDSDs tends to increase or decrease in tandem, with pain intensity. NDSDs usually occupy a larger area than the area of pain and may involve a quarter or half of the body with or without facial involvement. NDSDs are strongly associated with the site of pain or worse pain [1 ,8,9,11] and only rarely they may be experienced contralaterally [14 ] . NDSDs may be reversible partially or completely for variable periods of time or remain stable for years. The NDSD borders can either be sharply demarcated or ill-defined, with unilateral deficits usually failing to cross the midline. In regards to the 'polarity' of NDSDs, we have occasionally observed that patients who present with a large area of hyperesthesia may switch to hypoesthesia (NDSD) in repeat clinical assessments. An individual with mild or inconsistent NDSD at the beginning of clinical examination may (on repeated testing) report intense hypoesthesia in the NDSD area. Additionally, NDSDs are very frequently associated with motor abnormalities consisting of reduced voluntary range of movement, abnormal posturing, guarding and immobility, gait abnormalities, impaired dexterity, weakness, and occasionally paralysis.
Cause and pathophysiology
NDSDs are functional deficits in contrast with structural deficits that may accompany peripheral nerve or central nervous system (CNS) lesion. The distinction between structural sensory deficits and functional NDSDs may often be determined by administration of sodium amytal (sodium amobarbital, colloquially known as the 'truth serum'), a medium action barbiturate, or sodium pentobarbital (another similar in action barbiturate) [15 ] . Intravenous administration of sodium amytal or pentobarbital has been found to produce very good pain relief in many patients. This is accompanied by significant reduction in the area and density of most NDSDs, confirming the functional nature of these deficits [1 , 14 , 15 ,16,17,18 ] . To the contrary, structural hypoesthesial remain unchanged as in the case of peripheral nerve injury [17] or syringomyelia and extensive spinal cord damage [16] . The fact that structural and functional sensory deficits coexist in many patients cannot be underestimated [1 ,5,16,17,18 ,19] . Every effort should be made to elucidate possible peripheral nerve injury, central nervous tissue damage, or musculoskeletal causes underlying or contributing to the observed sensory abnormalities. This is done by judicial use of investigations such as electromyographic (EMG)/nerve conduction studies (NCT), somatosensory evoked potentials, computed axial tomography scans, MRIs, radiographs, bone scans, operative reports and so on.
Several experimental studies have examined somatosensory abnormalities, including limited hypoesthesial [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . These are not rare but seem different from the more widespread, dynamic, and often dense NDSDs we refer to, although the mechanisms may be similar or overlapping. The sensory loss in experimental studies has been attributed to spinal or supraspinal central mechanisms [20, [22] [23] [24] [25] [26] [27] 32, 33] .
The pathophysiology of widespread sensory hypoesthesial in chronic pain patients has been little researched. In the first functional MRI (fMRI) study of four patients, with dense NDSD from our group [18 ] , the affected NDSD limbs as well as the contralateral asymptomatic limbs were stimulated with noxious and non-noxious stimuli. We discovered a complex fMRI pattern of differences between the affected and unaffected side. Ghaffar et al. [34] used stimulation of an affected and unaffected NDSD, and demonstrated with fMRI somatosensory cortex hypoactivity. Egloff et al. [35 ] recently studied 11 patients with chronic pain and ipsilateral hemibody NDSDs with 18-fluordeoxyglucose positron emission tomography (FDG PET) FDG PET imaging. They demonstrated a significant hypometabolic pattern in several brain areas. All individuals had rather severe adverse psychological experiences prior to onset of pain and NDSD, but the hypometabolic regions were not correlated with pain and depression scores. The authors concluded that NDSDs involve both biological as well as psychosocial factors and are manifested by complex neural dysfunction. NDSD-associated neuroimaging changes involve not only the somatosensory cortex, but most importantly motivational and cognitive components of the medial pain system related to the processing of pain [36] .
Although, there is significant evidence that brain changes are associated with NDSDs, why and how they occur (given the fact that NDSDs may fluctuate dramatically or persist indefinitely), remains unknown. NDSDs are not uniquely associated with neuropathic pain as sometimes suggested. We have proposed that NDSDs are the result of 'maladaptive neuroplasticity', with the brain attempting 'to shut down or inhibit all peripheral inputs originating in or associated with the painful limb in an effort to control pain' ( [37] , p. 1506) and may do so for all sensory inputs, but often failing to control pain. The following support the central origin of NDSDs: the dynamic and widespread nature of these deficits often in quadratomal or hemibody distribution, the disturbance of both cutaneous sensations as well as vibration sense and deep tissue sensitivity indicative of the involvement of multiple cutaneous and deep sensory modalities, and normal electrophysiological and other studies except in the case of NDSD coexisting with peripheral nerve or CNS structural lesion.
Nondermatomal somatosensory deficits, conversion disorder, and psychological factors
NDSDs constitute one of the most well known psychiatric symptoms of conversion disorder as defined by the Diagnostic and Statistical Manual of Mental Disorders-IV-Text Revision criteria [38] . In this disorder, psychological factors are judged to be associated with motor or sensory deficits that cannot be explained by a general medical condition. Fishbain et al. [6, 7, 39, 40] have questioned whether NDSDs may distinguish between organic and nonorganic problems, as suggested by Waddell et al. [41] . We do agree that many patients with NDSDs do fulfill current and historical criteria for conversion disorder, with pain itself likely to be a key psychosocial stressor in the context of a particular personality organization. However, we suggest that the common association of NDSD with chronic pain in particular makes this association unique, important and deserving of special attention, with research being called upon to provide answers in regards to biological and psychological correlates.
Several lines of evidence point to the involvement of psychological and psychosocial factors in the generation, exacerbation, or maintenance of NDSDs [1 ] . NDSD patients very often display unusually pronounced verbal and nonverbal pain behaviors when compared with individuals with similar pain but no NDSD or, to the contrary, present with 'la belle indifference', that is a happy and indifferent demeanor despite severe disability and exuberant pain severity ratings. NDSD individuals very often display discrepancies during clinical examination under distraction versus confrontation (e.g., significant differences in straight leg raising when examined seated versus supine, etc), as well as several other nonphysiological signs (e.g., bizarre and unexplainable gait which may be wide based, ataxic or indescribable, posturing, tremors, etc). NDSD onset is very often preceded by an emotionally charged inciting event (that may generate PTSD, specific phobias, panic attacks, etc) and/or exuberant pain perception discordant to the degree of underlying injury [1 , 13, 18 ] . Alternatively, NDSDs may develop in the presence of prolonged psychosocial stressors [18 ] . Compensation or litigation status and sex, ethnicity, or other demographic variables are associated with NDSDs [1 ,6,7,12,18 ] . NDSDs may respond vigorously to placebo interventions [42] . In NDSD patients, psychometrics, such as the Minnesota Multiphasic Personality Inventory [43] , are suggestive of a tendency to convert emotional conflicts/stressors into physical symptoms and complaints [1 ,18 ,44] .
Treatment and prognostic considerations
Several studies have confirmed that functional hypoesthesial may recede or normalize in tandem, with reduction of pain [4, 5, 19, [28] [29] [30] [31] 45, 46] . This also differentiates functional/dynamic deficits from structural permanent deficits. In our experience, persistent and significant reduction of pain in most NDSD cases is infrequent. We [1 ] have reported that NDSDs are most often resistant to physical modalities, analgesics including large doses of opioids, antidepressant and neuropathic adjuvant medications, and/or nerve blocks or other invasive procedures. To this date, we are unable to point to any consistently effective treatment (pharmacological or interventional), although there is occasional response to cognitive/ behavioral and psychosocial interventions.
NDSDs seem to be associated with significant impairment and disability. We view them as a poor prognostic sign for response to treatment and return to work. We found [1 ] that none of the NDSD individuals had returned to any form of employment as compared with 31% of non-NDSD individuals, with similar pain complaints. In another study of our patients, Arvantaj et al. [12] reported NDSDs in 45% of 184 injured workers referred as management problems and in 36% of 188 patients seen in our tertiary care pain clinic from the regular physician referral stream, all highly disabled. Our view is supported by a few other studies. Rommel et al. [11] found that complex regional pain syndrome patients, with large sensory deficits, had significantly longer illness duration than those without such deficits. As well, Fishbain et al. [6, 7] reported that such deficits were much more prevalent in patients with workers compensation or ongoing litigation claims, as compared with nonlitigants.
The authors took the opportunity for the first time [47] to bring NDSDs to the attention of the clinical and research community, by commenting on the significance of FDG PET findings by Egloff et al. [35 ] .
Illustrative case reports
The cases below are derived from our clinic and demonstrate aspects of NDSDs, such as their association with loss of several body functions under stressful conditions (case a), persistence over many years (case b), onset coupled with serious psychotraumatic events (case c), and normalization of the NDSD once the psychosocial circumstances changed (case d).
Case a: A 41-year-old woman was injured at work and sustained low back and right leg pain that led to microdiscectomy for a right-sided L5-S1 disc herniation. She failed to improve and actually worsened over time. Gadolinium MRI demonstrated enhancing scar tissue engulfing the right S1 root. The diagnosis of failed back surgery syndrome associated with nerve root fibrosis was made. The patient, who is a depressed and anxious woman, has been followed regularly for 15 years. Shortly after the discectomy she presented with right leg NDSD, stable and dense since its onset. However, at times of pain exacerbation (severe stress, cold weather, increased activity), the patient develops a drop foot. Repeat EMG/NCTs have only shown old right L5-S1 radiculopathy which cannot explain the intermittent drop foot. Additionally, the patient over the last 3 years has developed intermittently hoarse voice. In one occasion she lost her voice suddenly for 1 month after a relative was seriously injured. Her voice returned abruptly the day her relative left the hospital.
Case b: A 75-year-old man was referred to our program for management of intractable back and left leg pain after a trucking accident 30 years ago. The patient had undergone three back surgeries and insertion of a spinal stimulator that needed several revisions owing to complications. He had exhausted the spectrum of anticonvulsant medications, opioids, tricyclic antidepressants, selective serotonin reuptake inhibitors and had failed physical therapy, acupuncture, reiki, transcutaneous electrical nerve stimulations and craniofacial treatments. On examination, a dense quadrotomal deficit covering the trunk and lower extremity on the left side was discovered. To our surprise, review of the old records revealed a left-sided quadrotomal NDSD predating the patient's first back surgery, which had been documented repeatedly over the course of 3 decades by the different examiners before and after his multiple surgeries.
Case c: A 37-year-old woman was involved in a serious snowmobile accident, in which the driver was killed. She suffered a concussion, undisplaced left ulnar fracture, and undisplaced left L2 transverse process fracture, both treated conservatively. She went on to develop major depression and very severe PTSD. Left-sided NDSD was documented as early as 3 months postinjury based on file review. She was seen in our clinic 5 years later. Bone scan and radiological investigations were unremarkable. The fractures were considered to have healed uneventfully within months from the injury. However, the patient continued with unrelenting pain, major depression, PTSD and a dense hemisensory deficit covering left extremities and trunk but sparing the face.
Case d: A 41-year-old woman developed widespread body pains after she discovered her husband's infidelity and was diagnosed by a rheumatologist as suffering from fibromyalgia. When seen in our clinic 3 years after the onset of pain, she was divorced and was receiving large doses of antidepressants and analgesics to no avail. A moderate NDSD was documented covering the right side of the body including the face (side of worse pain), which persisted over the course of the subsequent 2 years. NDSD and diffuse body pains disappeared within a 3-month period when the patient got involved in a new and happy relationship.
Conclusion
NDSDs are important and prevalent clinical phenomena associated with chronic pain. Much research needs to be done to elucidate these important phenomena, and compare their prevalence, cause, association with personality and psychosocial factors, and treatment outcomes in pain and nonpain samples in the general population and different clinical settings.
